Rapid advances in sequencing technology have resulted in the availability of genomes from 1 1
combines all scores into a matrix (inserting 0 for query-database pairs that did not produce an the subset (default 1000), the main t-SNE parameter "perplexity" (default 1000) and maximum 7 6 iterations (default 5000) for dimensionality reduction, and the number of threads used by the 7 7 alignment software (default 1). Although the clustering is generally similar with multiple 7 8 randomly chosen subsets (Supplemental Figure S2 ), the subset can be defined for reproducibility.
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The output of ASM_clust.sh can be visualized as a scatterplot where each dot represents a 8 0 sequence, and clusters are readily apparent (Figure 1b , Supplemental figure S1-S3). This format 8 1 allows additional annotation with sequence features, such as taxonomy, length, or composition.
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The visualization in Figure 1b and Supplementary Figures S1-S3 was created using R, with the 8 3 ggplot2 package, and clusters were called using the dbscan package. The t-SNE result and the with ASM-Clust can be further refined by iteratively applying the method to a subset of poorly 8 6 resolved data, such as the "hub"s cluster (Supplementary Figure S3 ). The smaller total number of 8 7 sequences in the second iteration, combined with lowering the perplexity value of the t-SNE, resolving rare classes with few members (Supplementary Figure S3 ). clustered using ASM-Clust with default settings, and visualized using R (Fig 1b) . The 1 1 0 'mannonate dehydratase' and 'muconate cycloisomerase (syn) like' subgroups, each containing 1 1 1 only a single isofunctional family, are well resolved. As expected, the functionally diverse 1 1 2 'muconate cycloisomerase' and 'mandelate racemase' subgroups each partition into multiple 1 1 3 discrete clusters (Figure 1b ). The isofunctional 'enolase' and 'glucarate dehydratase' subgroups 1 1 4 also result in multiple clusters (Figure 1b ). Phylogenetic analysis of the 'glucarate dehydratase' 1 1 5 subgroup confirms that the observed clusters respond to distinct clades that can also be separated 1 1 6 by sequence length (Figure 1c & 1d, Supplementary methods) . The smaller methylaspartate 1 1 7 ammonia-lyase and galactarate dehydratase subgroups (307 and 25 sequences respectively) are 1 1 8 more clearly resolved when ASM-clust is iteratively rerun on the "hub" cluster with a lower 1 1 9 perplexity value (Supplemental Figure S3 ). When prior high-quality annotation is not available, 1 2 0 clusters can be inspected for phylogeny, taxonomic distribution, and conserved residues to assess 1 2 1 whether they represent functionally divergent sequences. ASM-Clust can retrieve clades from a complex superfamily with tens of thousands of sequences, 1 2 3 without prior reduction of the dataset. We expect this to become increasingly relevant as the 1 2 4 amount of sequence data from phylogenetically diverse organisms continues to grow rapidly, and 1 2 5 meaningful information can be overlooked while pre-clustering a sequence dataset. 
